Abstract In many regions species are declining due to fragmentation and loss of habitat. If species persistence is to be achieved, ecologically informed, effective conservation action is required. Yet it remains a challenge to identify optimal places in a landscape to direct habitat reconstruction and management. Rather than relying on individual landscape metrics, process-based regional scale assessment methodology is needed that focuses primarily on species persistence. This means integrating, according to species' ecology, habitat extent, suitability, quality and spatial configuration. The rapid evaluation of metapopulation persistence (REMP) methodology has been developed for this purpose. However, till now no practical conservation planning application of REMP has been described. By integration of expert ecological knowledge, we extended REMP's capabilities to prioritize conservation action for a highly modified agricultural region of central NSW, Australia based on the metapopulation ecology of 34 fauna species. The region's current capacity to support the species was evaluated in relation to the pre-European state for which there was known viability. Six of the species were found to currently have insufficient habitat to support viable populations. Seeking locations to maximize overall improvement in viability for these species, we prioritized conservation action to locations near the threshold of metapopulation persistence.
Introduction
Biodiversity loss arises directly or indirectly from pressures such as habitat loss, invasive alien species, overexploitation and climate change impacts (Butchart et al. 2010) . Habitat fragmentation and loss resulting from these pressures have contributed to population decline for many Australian species (Australian State of the Environment Committee 2011; IUCN 2012). There is considerable debate over the relative impact of individual landscape attributes (such as patch size, habitat quality and landscape connectivity) and how changes in landscape structure affect biodiversity (Doerr et al. 2011; Hodgson et al. 2011 Hodgson et al. , 2009 ). However, it may be more useful for conservation planning to focus on ways to integrate these attributes, with practical methodologies that reflect how habitat pattern in all its forms influences the issue of central concern, biological persistence (Nicholson and Ovaskainen 2009) . Currently the prevalent modeling approaches largely fail to integrate these attributes; instead it is common practice to favour one over others, or to sum, or weight attributes as if they were independent.
Metapopulation capacity (MPC) (Hanski and Ovaskainen 2000) and metapopulation occupancy mapping (Day and Possingham 1995; Hanski 1999a, b) provide estimates of metapopulation persistence at landscape and regional scales (Calabrese and Fagan 2004; Moilanen 2011) . Importantly these methodologies focus on the tension between two key ecological processes critical to determining persistence of populations, rather than on individual landscape attributes:
(1) Local extinctions in response to the quantity, quality and spatial arrangement of habitat available at a spatial scale relevant to the species' foraging behaviour; (2) Colonization of vacant patches in response to the quantity, quality and spatial arrangement of habitat accessible at a scale relevant to the species' dispersal behaviour.
Persistence is predicted for a species if the MPC of the landscape is greater than a threshold value determined by the properties of the species, with occupancy occurring in places where MPC is above threshold (Hanski and Ovaskainen 2000) .
The 'rapid evaluation of metapopulation persistence' (REMP) (Drielsma and Ferrier 2009 ) extends methodologies for occupancy mapping and MPC analysis by making them applicable to spatially complex, variegated habitat configurations (Fischer and Lindenmayer 2006; McIntyre and Barrett 1992 ) using a raster data structure (Moilanen 2011) . Structurally complex landscapes are relevant for many species and/or populations, both naturally and as a result of anthropogenic habitat modification (Fischer and Lindenmayer 2007) . Such is the case for the sheep-wheat belt of central New South Wales, Australia (McIntyre and Barrett 1992) which is the focus of this study. Until now the practical application of REMP to real-world conservation planning has not been published.
Our work considered the landscape-scale metapopulation processes of 34 declining and/or threatened woodlanddependent fauna species (Table 1) within a region in central NSW, Australia, known as the western woodlands way (WWW). We undertook a conservation evaluation of the current viability of the 34 species, and developed novel spatial prioritization aimed at directing conservation and habitat repair towards maximizing overall improvement to the species' persistence.
Materials and Methods

REMP Methodology
The REMP modeling methodology and software (Drielsma and Ferrier 2009 ) was used to perform an evaluation of population viability for 34 declining fauna species. REMP, unlike prioritization tools such as Marxan, recognizes the heterogeneity of the landscapes by utilizing raster (gridcell) spatial data at relatively high resolution as opposed to polygonal (patch) data. Furthermore, unlike packages such as Marxan (Ball and Possingham 2000) and Zonation (Moilanen and Kujala 2008; Lehtomäki and Moilanen 2013) , REMP is not intended as an optimization tool for making decisions about top-down design of reserve networks but is most useful in supporting decision-making (Drielsma and Ferrier 2009 ). Compared to these other approaches REMP is a relatively new, undeveloped tool, presently not well supported with user documentation. Hanski (1999a) used the patch-based approach to describe the amount of resources available to a species using patches of habitat in fragmented landscapes where the intervening country (matrix) had no value for the species. In the REMP approach, the landscape is split into grid cells where the habitat value of each cell for a given species is assigned based on the combination of land use and vegetation community that occurs there. Similarly, the ability of the species to move across each cell is based on the land use and vegetation community combination present in each cell along a prospective path. Thus, the landscape is not represented as patches of habitat and nonhabitat, but a mosaic of various levels of resources as perceived by the species of interest.
The REMP methodology assumes that individuals perceive the landscape at finer spatial scales for home range movements compared to the longer distances involved when dispersing (Drielsma and Ferrier 2009) . Therefore, the spatial analysis is undertaken at varying grid cell resolutions to accommodate species with different movement abilities, with the upper limit (highest resolution or smallest cell size) set by the resolution of the vegetation community mapping (1 ha). As such, finer grained grids are used for less mobile species, while coarser grained grids are used for more mobile, space-demanding species. A similar approach is taken with different spatial processes whereby fine grained grids are used for home range movements and coarse grained grids are used for dispersal.
The following biological parameters are used in REMP for each species. This information is gathered from a range of sources including published material and expert knowledge (Ellis et al. 2007 ).
(1) Minimum viable habitat area-minimum area (in hectares) of 'ideal' habitat needed to support a viable population (ignoring major calamities). (2) Habitat suitability (on a scale between 0 and 100) for every combination of land use and vegetation community. Within REMP this information is used to assign an individual habitat value (i.e. habitat suitability for the species of interest) to each grid cell.
(3) Average day-to-day movement ability in metres through every combination of land use and vegetation community. Average day-to-day movement refers to movement within home range. (4) Average dispersal movement ability in metres through every combination of land use and vegetation community.
Two raster-based spatial inputs: vegetation community (may also be referred to as vegetation type, or ecosystem) and habitat condition are required for the REMP analysis. The vegetation community is used as a surrogate for potential habitat suitability and permeability to movement. This potential is then modified subject to land use, which is used as a surrogate for vegetation or habitat condition (Gibbons and Freudenberger 2006; Parkes et al. 2003; Zerger et al. 2006 ). The following two outputs are produced by REMP:
(1) a continuous surface of predicted occupancy, and (2) an estimate of metapopulation capacity (MPC) for each species.
Occupancy mapping is a spatial probability surface where each raster grid cell is attributed with the probability of the species occupying that grid cell based on Hanski's incidence function (Hanski 1999a) . Occupancy levels are dependent on the biology of the species and the following landscape habitat characteristics: habitat type, habitat condition and the spatial arrangement of habitat (shape, size and connectivity to other habitat). The occupancy rate of each grid cell is a function of (1) the local extinction rate, which is in turn determined by the habitat availability at that grid cell, subject to the species' home-range movement abilities, and (2) the colonization rate at that grid cell which is determined by the habitat value of the cell, its connectivity to neighboring habitat as well as the occupancy of those neighboring grid cells. Colonization rate is also subject to the species' dispersal movement abilities.
The MPC is a single value that describes the ability of the region to support a viable population and it is determined by the quantity and spatial distribution of habitat in relation to each species' habitat requirements and movement abilities. Clusters of cells with identical MPC value (as recorded in a grid of MPC values produced by REMP) can be interpreted as being connected into a single metapopulation while distinct clusters with different MPC values can be interpreted as separate metapopulations. A single regional MPC is routinely derived which represents the MPC for the most robust metapopulation within the region. However, more than one metapopulation can be present in a large study region that contains distinct clusters Environmental Management (2016 ) 57:1281 -1291 1283 of habitat which are functionally disconnected for a species. These additional metapopulations contribute to the overall robustness of habitat systems providing additional backup should a single metapopulation be extinguished from a catastrophic event such as from fire or disease. A manual interrogation of the MPC grid can be undertaken to ascertain the existence of and the viability of other multiple metapopulations.
Based on the biological parameters provided, REMP also calculates the extinction threshold MPC for a species as the MPC of idealized habitat in maximum condition with an area equal to the minimum viable habitat. By comparing the MPC of any single metapopulation (from a real landscape or landscape scenario) to this threshold, a landscape's capacity to support viable metapopulations can be assessed. The more an MPC exceeds the MPC threshold, the more that functionally connected habitat exceeds the minimum level required to support a viable metapopulation; the more the MPC falls short of the threshold, the greater the deficit. A detailed description of the REMP methodology can be found in Drielsma and Ferrier (2009) .
Western Woodlands Way (WWW)
Overview
The WWW study (Fuller et al. 2012; Taylor and Drielsma 2012 ) was conceived as a landscape reintegration project for the terrestrial ecosystems in the north of the sheep-wheat belt zone in NSW, Australia. This is a region in NSW that has been highly developed for agriculture, with much of the original native vegetation having been cleared or largely modified for that purpose (Drew et al. 2002; Seddon et al. 2002) . A continual decline in fauna species, especially those associated with the relatively fertile soils originally supporting grassy woodlands has been observed (Barrett et al. 2007; Reid and Cunningham 2008) . The study region boundaries were selected to include the larger areas of remaining native vegetation, many of which are held in various types of crown land reserves (Fuller et al. 2012) (Fig. 1 ).
Model Configuration: Species
Thirty four species were selected for the WWW case study based on the criteria of suffering decline due to habitat (vegetation) factors, and sufficient information being available to allow parameter fitting. Separate models for breeding and non-breeding phases were developed for the Superb Parrot, because its mobility varied in the two phases. Expert-defined spatial limits were applied to the areas that were modeled for species that were understood to have never occurred across parts of the study region. These were Gilbert's Whistler, Superb Parrot (breeding), Superb Parrot (non-breeding), Pale-headed Snake, Patternless Delma, South Eastern Slider, Green Tree Snake, Coral Snake and Five-clawed worm Skink. The species included in this analysis were representative of the spatial requirements of a number of other species because they collectively comprised a range of spatial scales in terms of movement abilities, area requirements and habitat preferences.
The experts were provided with a list of vegetation types and land-use classes in the study region and asked to assign habitat value and movement abilities for each combination of vegetation type and land use. Thus, land use was used to determine the condition of the vegetation.
Two iterations of expert consultations were conducted to assign habitat suitability and movement values for the selected species. In the second round of discussions, the experts were provided with the habitat suitability maps that were derived on the basis of initial consultations. Following from this the models were further refined, where appropriate. The expert-derived parameters for the species used in this study are available from the authors on request.
Spatial Data Inputs
The two main spatial inputs for the REMP analysis were vegetation type and land use. In the first instance vegetation type was employed as a surrogate for potential habitat suitability and permeability to movement. This potential was then modified downwards for land uses that are understood to diminish this potential; land use thereby acting as a surrogate for the condition of habitat (Gibbons and Freudenberger 2006; Zerger et al. 2006 ). The NSW Office of Environment and Heritage (OEH) Corporate State-wide land-use layer was used to derive land-use coverage. The land-use classes employed as habitat condition classes for the modeling are shown in Table 2 .
A single customized vegetation type dataset for the study region was compiled from a range of regional vegetation community datasets. The final dataset had a raster (grid cell) structure with a one hectare resolution. A buffer of 35 km was included in the analysis to avoid any edge effects in the modeling results within the WWW envelope. Other technical parameters for configuring the model were also assigned. These parameters govern how the landscape is read within the modeling process and is largely a function of the movement abilities of the species and the spatial arrangement of habitat in the region. These are available from the authors on request.
The vegetation type and land-use datasets together with the expert-derived parameters were implemented in the REMP analysis to assess habitat conditions for the 34 species. The current capacity of the region to support the species was evaluated in relation to the pre-European state. The pre-European state was based on the predicted habitat configurations prior to major changes to the region following European settlement. Class one (best condition) land use was assigned across the region. The results from the current land-use analysis were utilized in further evaluations to map priority areas for conservation (conservation priority mapping) as well as locations where investment in improvement (repair) of vegetation would provide the greatest benefit for each species. Conservation priority mapping was done by combining the MPC at each location with the habitat value of that location. This assesses the implications for each species of losing native vegetation at each location. Priorities for repair were considered to be locations that had high MPC value, but also where significant improvement to habitat quality could be achieved. These sites, due to their reduced condition, could function as potential population sinks, sources of weeds and pests and barriers to movement. An investment in improving these sites could potentially provide additional well-connected habitat and facilitate movement, thus improving the viability of the local metapopulation. The results for all species were combined to produce two final conservation and repair priority maps (see Supplementary Material 1 for a more detailed explanation on the development of these two priority maps).
Results
The MPC of the most robust metapopulation and occupancy are shown in Tables 3 and 4 , while the combined conserve and repair priority maps for all 34 species are shown in Figs. 2 and 3. Individual maps for each species can be Fig. 1 The WWW study region including reserves and boundaries of catchment management authorities (CMA) from which vegetation datasets were used in the study obtained from the authors. In general, the pre-European analysis resulted in a higher MPC value compared to the extinction threshold for most species. This difference was quite pronounced for the mammals and birds but not the reptiles, with the green tree snake showing a lower MPC value for the pre-European state compared to the extinction threshold. Six of the species were found to currently have insufficient habitat to support viable populations (Table 3) . These were Barking Owl, Gilbert's Whistler, Superb Parrot (non-breeding), Five-clawed Worm Skink, Green Tree Snake and Spotted Black Snake. Only the most robust metapopulation of each species was assessed in this study (Drielsma and Ferrier 2009) . Similar trends were seen with the occupancy values for the pre-European and current states with the pre-European resulting in the highest occupancy for all species (Table 4) . A large reduction in occupancy was seen under the current state compared to the pre-European state with this reduction being particularly pronounced for all the reptiles and some birds (Barking Owl, Crested Shriketit, Gilbert's Whistler, Grey-crowned Babbler, Painted Numbers in bold represent species that were identified as having insufficient habitat to support viable populations Button Quail and Superb Parrot). The priority maps showed some variation in the spatial configuration of the most robust metapopulation for each species. These maps represent the contribution that each location makes to the MPC of the region for that species. Figures 2 and 3 identify priority areas for investment in conservation and repair in the western part of the study region.
Discussion
Given the scarcity of resources available, greater benefits to conservation will be achieved if cost-effective actions, those that maximize benefit across a number of priority species, can be identified and acted upon (Lambeck 1997) . This study combined expert knowledge and the REMP modeling methodology to identify priority areas for conservation action in the Western Woodlands region of New South Wales, Australia. The prioritization provides useful guidance on where in the region to conserve and repair (improve condition) habitat in order to halt or reverse the decline of 34 declining species in a strategic and costeffective manner. The prioritization transcended debates over which landscape attributes are of most importance and instead focused on identifying any opportunities that improve viability for the species individually and collectively. Because of the relatively modest input requirements of the approach we adopted, it can feasibly be adapted to the conservation planning needs of other regions and to other species. The study identified six species that currently have insufficient habitat to support viable populations in the region and are therefore expected to decline under current conditions. These most vulnerable species have some common attributes and can be placed in two distinct groups based on these attributes: the Barking Owl, Gilbert's Whistler and Superb Parrot require very large minimum viable habitat areas (MVH) which makes them especially susceptible to the impacts of habitat fragmentation; the Fiveclawed Worm Skink and Green Tree Snake show high levels of habitat specificity, there being very few vegetation types which provide suitable habitat. This latter group will require intensive management regimes to improve their status. In general, the reptiles appeared highly susceptible to habitat fragmentation (compared to the birds and mammals) and this could be due to two reasons: they show a higher level of habitat specificity, and their day-to-day and dispersal movement abilities are much more restricted. The study demonstrates for the first time the feasibility of undertaking biodiversity assessment incorporating REMP, which is relatively new to conservation planning. REMP is a valuable tool insofar as it is responsive to species-specific habitat requirements: the amount of habitat, its quality and spatial distribution. However, other factors such as the impact of pests, predators, fire regimes and diseases are not dealt with in the REMP methodology. As such, REMP is most suited to informing broad-scale general conservation strategies, especially as it requires only four parameters per species and modest processing times. Thus, REMP can facilitate rapid assessment of multiple species, including common or less threatened species that may otherwise be dismissed as being 'common' but are actually already committed to a path of decline due to inadequate habitat (Lindenmayer et al. 2011) . More intensive modeling effort, such as population viability analyses (Possingham et al. 1993; Burgman 2000) which strives to incorporate greater detail on species ecology, is warranted in cases of species at risk of imminent extinction. However, compared with REMP, PVA simulations cannot be as easily applied as they are generally complex to configure and are computationally demanding (Hanski 2004) . Where critical cases do arise, the results from this study can feasibly be used alongside or incorporated with more detailed species assessment for the affected species.
